Amyloid-β (Aβ) can induce a chronic inflammatory immune response that is associated, amongst many others, to abnormal glycosylation, inducible nitric oxide synthase (iNOS) and nitric oxide (NO). The relation between development of Mild Cognitive Impairment (MCI) and Alzheimer's disease progression and these serum markers has not been evaluated. Serum levels of iNOs, NO, TNF-α, IL-1β, IL-6, IL-8, IL-10, and IL-12 are determined with commercially available kits. Sialylation of albumin-free serum patterns is determined by Western blot analysis with Sambucus nigra (specific for sialic acid attached to terminal galactose in α2,6 linkage) lectin. Apolipoprotein E (ApoE) haplotype is determined by Western blot using specific anti-ApoE 2, 3 or 4 antibodies. A mini-mental state examination (MMSE) test is also performed in the 10 MCI patients, 19 Alzheimer's disease (AD) patients and 46 healthy age-matched controls evaluated. The results show an increase of iNOS in MCI and AD but significantly higher NO concentrations are only found in MCI patients. TNF-α and IL-1β concentrations are the only significantly increased cytokines in MCI patients; no differences between control and MCI or AD patients are found in regard to the other cy-
Introduction
The majority of pathology alterations in Alzheimer's disease (AD) have been associated with amyloid-β (Aβ) toxicity [1] . Aβ can activate the microglia and macrophages [2] , both of which become amyloid presenting cells to T cells of extra cerebral origin [3] ; this in turn favors the local liberation of pro-inflammatory interleukins and reactive oxygen species (ROS) [4] , as well as modifications of the post-translation processes of proteins including glycosylation [5] . This modification is not exclusive of immune cells as in vitro activation of endothelial cells exposed to the Aβ peptide has been shown [6] .
Brain sections of AD patients express pro-inflammatory interleukins, such as: Interleukin-1 β (IL-1β), Interleukin-6 (IL-6), Interleukin-8 (IL-8) and Tumor Necrosis Factor α (TNF-α) [7] . However the expression of Interleukin-10 (IL-10) secreted by microglia exposed to Aβ [8] and detected in cerebrospinal fluid (CSF) of patients with AD [9] suggests a homeostatic immune activity. An early primary feature of AD is cognitive deficit [10] that has been associated to increased expression of IL-12 [11] ; this observation remains controversial [12] .
Brain sections of AD patients show modifications in sialic acid expression in lesion areas [13] . However the the study of abnormal glycosylation patterns has only been focused on representative proteins of AD such as Beta secretase-1 (BACE-1), Amyloid-β Precursor Protein (AβPP), Transferrin (Tf), Tau and acetylcolinesterase (AChE) [14] . Low serum levels of sialyltransferases have also been described in AD [15] as well as alterations of AβPP O-glycosilation of endothelial cells exposed to Aβ [16] .
The endothelial cell exposed to stress molecules such as Aβ, ROS, Low-Density Lipoprotein (LDL), or TNF-α secrete pro-inflammatory cytokines [17] amongst many other molecules [16] . Endothelial cells exposed to Aβ increase the secretion of nitric oxide (NO) [17] due to an increased activity of endothelial nitric oxide synthase [18] . The expression of inducible nitric oxide synthase (iNOS) has been seen in post mortem brain sections of the temporal cortex of AD patients [19] , but its presence has not been determined in the serum of patients with mild cognitive impairment (MCI), that is, the stage is previous to the full-blown AD dementia [20] . The largest concentration of serum Aβ is found in the MCI stage [21] of AD progression.
The aim of this work is to evaluate serum iNOS concentration in patients with MCI and to determine if it is associated with an increase in serum pro-inflammatory cytokines and alterations in sialylation of serum proteins.
Material and Methods

Study Group
Our study was made with 46 healthy control individuals (male = 23, female = 23) over 55 years of age without dementia, neurology's disease or auto immune's disease, directed through the "Vida digna" association and the department of Neuropsychology of the Instituto Nacional de Neurología y Neurocirugía "Manuel Velasco Suarez"; ten patients with MCI (male = 5, female = 5) diagnosed one year earlier according to Petersen's criteria [22] ; and nineteen patients with probable AD dementia established 3 -4 years earlier (male = 7, female = 12) who underwent extensive clinical, cognitive and biochemical evaluations according to the revised criteria established by the National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease on 2011 [20] [22] [23] . An Mini-mental state examination (MMSE) test [23] (Impairment score ≤ 23) [24] , was performed in each individual prior to the sample collection. All the individuals included in this study were informed of the aims of the study and the possible risks after which they all signed an informed consent form previously approved by the Ethic's and Bioethic Committee of the Instituto Nacional de Neurologia y Neurocirugia "Manuel Velasco Suarez". All clinical files are kept at the department of clinical archives at the Instituto Nacional de Neurología y Neurocirugía "Manuel Velasco Suarez" and are available upon request by a certified scientist.
Blood Samples
A 5 ml blood sample was obtained via venipuncture using a Vacutainer collection tube without anticoagulant. The blood sample was left to rest at room temperature for 15 min followed by a 10 min centrifugation at 2000 rpm in a Beckman clinical centrifuge. At the end the serum was collected and kept at −70˚C before being used.
Electrophoresis and Western Blot
Fifty µl (6.9 g/dL protein) of serum (Control = 9, MCI = 4, AD = 7; chosen using simple random sampling, were depleted of albumin with Pure Proteome TM Albumin Magnetic Beads (Millipore Corporation, Billerica, MA, USA) following the manufacturer's instruction. A 40 µl (3.36 g/dL protein) volume was recovered after the procedure and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) in 10% gels at 120 V and 4˚C for 2 hrs was run using 4 µl (80 µg protein) of the albumin-free serum sample.
At the end the proteins in the gel were transferred to polyvinylidene difluoride (PVDF) membrane using the Bio-Rad semi-dry transfer chamber. Before use, the membrane stained with Ponceau's red to corroborate that an appropriate protein transfer had been obtained; afterwards the membrane was washed thrice in water and PVDF membrane was blocked with blocking buffer (PBS pH 7.4/ BSA 3% ) overnight at 4˚C. As soon as the blocking buffer was retired, the membrane was washed thrice in PBS pH 7.4/tween 20 0.05% before incubating it with polyclonal anti-iNOS antibody (Santa Cruz, Biotechn. CA, USA) 1:100, anti-Aβ (1:1000) (A3356, Sigma-Aldrich, St. Louis, Missouri; USA), and SNA (Sambucus nigra) lectin (Vector Labs, Burlingame, CA; USA) 1:20 in PBS/3% BSA overnight at 4˚C, afterwards the membrane was washed twice with PBS/0.01% tween 20 and incubated with an IgG anti-rabbit or anti-mouse secondary antibody conjugated with horseradish peroxidase (HRP) (Jackson Immuno Research, West Grove, PA; USA) 1:1000 or ExtrAvidin-Perox™ (Sigma-Aldrich, St. Louis, Missouri; USA) 1:2500, for the lectin assays, in PBS pH 7.4/BSA 3%/tween 20 0.05% for 30 minutes at room temperature. Transferrin, used as loading control, was detected with an anti-transferrin antibody (GenTex, Irvine, Ca, USA); in order to normalize load charge, transferrin concentration in the gel was determined by analyzing density by mean of evaluating dots per point (dpp)/band using GelQuant.NET 1.8.2 software (Biochemlabsolutions, University of California, San Franciso. USA). The reaction was revealed with the Super Signal West Dura Extended Duration Substrate (Thermo Scientific, Waktham, Massachussetts; USA) and density analysis of the signals was evaluated using the GelQuant.NET 1.8.2 software (Biochemlabsolutions, University of California, San Franciso. USA) that transforms the image into an 8-bit image; the program then calculates the intensity of the stained area measuring the amount of pixels/square inch and converts the readings into a white to black numerical value, expressed as dots per point (dpp).
Apolipoproteins E (ApoE) genotype was determined by western blot analysis using Biolegend's mouse polyclonal antibodies (clone 5G7 for E4, and clone 3C2 for E2); ApoE3 was detected with a rabbit polyclonal antibody (clone 27543, Abcam, San Francisco, CA). The procedure was identical to that already described in the above paragraphs.
Nitrites
Were quantified by the method of Griess using the microplate Griess Reagent System (Promega Corporation, Madison WI, USA) that includes its own standard curve. Each sample was read in the Multiskan EX Thermo ELISA reader (Thermo Sci., USA).
Serum Interleukins
TNF-α, IL-1β, IL-6, IL-8, IL-10 and IL-12 were determined by Enzyme-Linked Immuno Sorbent Assay (ELISA) method in each sample using commercially available kits (ELISA MAX Deluxe, BioLegend, San Diego, CA, USA) and following the manufacturer's instruction. Micro plates were read using Multiskan EX Thermo (Thermo Scientific, Waktham, Massachussetts; USA).
Statistical Analysis
Data was analyzed by an Analysis of Variance (ANOVA) test, followed by a post hoc test using the Turkey's test. Pearson's correlation coefficient was also used to convey the impact of the MMSE test and the serum parameters. All the statistical analysis was performed with GraphPad Prism 6.0 software (San Diego, CA, USA). All values are expressed as the mean ± SD. Differences were considered statistically significant when p < 0.05.
Results
Our study group comprised 75 individuals, 61.33% of them were age-matched controls; the problem group was separated into the MCI group, that represented 13.33% of the study group, and the AD group that represented 25.33% of total the study group. Sociodemographic features are shown in Table 1 .
There was a highly significant increase in iNOS expression, as determined by the dpp values obtained in the western blot membranes, in the AD patients (ANOVA p = 0.0114) and a significant tendency of MCI patients in relation to control group (Student t p = 0.033) (Figure 1) . Despite this the serum concentration of nitrites was significantly higher in the MCI patients 8.116 (µMol/l) in comparison to 4.286 (µMol/l) in the control group and 4.071 (µMol/l) in the AD group (p < 0.0001) (Figure 2) .
The relevance of the result is established when the results of the MMSE test were compared to the serum nitrite values. We found that the correlation between both was r = 0.6952, r 2 = 0.4833 and p = 0.0003, which in itself is not very high, it points towards a clear tendency where increased serum nitrates values might represent damage associated with early stages of AD development, that is, mild cognitive impairment (Figure 3) .
When pro-inflammatory cytokines were evaluated it surprised us to detect that the only two cytokines that were increased in patients with mild cognitive impairment and AD were TNF-α and IL-1β; the difference between them was not significant although in comparison to the control group it was highly significant (p < 0.0001 for IL-1β and p < 0.001 for TNF-α). Despite the seeming no difference between them, we found a predisposition for serum TNF to be higher in MCI patients than in AD patients. Not surprisingly interleukin-6 and interleukin-8 concentrations were significantly higher in AD patients in comparison to controls and MCI patients (p < 0.0001 and 0.0036, respectively) (Figure 4) . Interestingly the serum concentration of interleukin-10 and interleukin-12 was almost identical, in the three groups (p = 0.7876 and 0.5007, respectively).
As far as the staining intensity with the SNA lectin we also observed a major number of SNA + proteins in MCI serum samples than in AD samples but interestingly, the stain intensity for both was also greater than the control serum samples (Figure 5(a) and Figure 5(b) ). Additionally, we found detectable levels of Aβ (4 kDa) only in three of the serum samples of the AD group (Figure 5(c)) ; the absence of Aβ in the remaining serum samples of the control and MCI groups was evident; this differences could be associated to the clinical stage of the disease as all the MCI patients were recently diagnosed and the AD patients with negative Aβ serum sample were catalogued as early or initial. ApoE alleles results in 9 AD patients, 4 MCI and 9 controls showed that eight AD patients were ApoE 4/4, and the remaining one was ApoE3/4; 3 of the MCI patients were 3/4 and one was 3/3. Seven controls were 2/3 whereas the remaining two were 3/3.
Discussion
The characteristics of the population analyzed are in agreement to descriptions made in similar population stu- dies and reviews [25] - [27] . We are well aware that it will be ideal to follow up our patients in order to determine their decline, nevertheless all our AD patients are diagnosed and systematically evaluated at the Instituto for at least 3 -4 years previous to their inclusion in this study. Inducible NOS, eNOS and NO regulate the inflammatory response [17] , but endotelial Nitric Oxide Synthase (eNOS) also regulate the expression of the AβPP and BACE-1 an enzyme that cleaves AβPP [28] . It has been shown that the serum concentration of Aβ 1-42 [23] is increased in MCI [29] and that iNOS stimulates endothelial cells to produce TNF-α and IL-1β in the presence of Aβ [30] . We find an increase in iNOS in MCI patients probably secondary to the high Aβ concentration, but it is well recognized that in the more advanced phase of the Alzheimer's disease, the concentration of Aβ is almost negligible [31] . iNOS expression is, as expected, above that determined in MCI patients, the reasons can be that Aβ remains in the endothelial cells mitochondria or endoplasmic reticulum in the absence of serum Aβ [32] or that the damage to the endothelial cells during the MCI phase persists a possibility that needs further investigation. It has been shown that endothelial cells cleave the Aβ 1-42 inside the cytoplasm to produce Aβ 1-40 [18] ; the latter is less toxic to the endothelial cell and this can be considered as a defense mechanism that is probably altered in AD patients. We find an increase in serum nitric oxide in the MCI patients and a decrease in AD. This is probably the consequence of the increased iNOS expression that we observe in the MCI patients, interestingly patients with AD show lower serum concentrations of NO [30] [31] [33] [34], which are not secondary to a decrease or disappearance of iNOS. It is possible that the lack of arginine that has been reported in AD patients [35] is the cause of such a decrease.
The directly proportional correlation between MMSE score and levels of nitric oxide has only been described in cerebrospinal fluid in AD patients with severe damage [36] . We find an identical correlation when MMSE score and serum nitric oxide are evaluated. Nitric oxide is produced and secreted into CSF by neurons via neuronal Nitric Oxide Synthase (nNOS) and iNOS [37] ; it has been shown that nitric oxide synthases respond to different hormones and peptides [38] and that a damaged endothelium induces the expression of iNOS [39] . Whether the continuous damage to the neurons in AD behaves similarly is unknown but a major player in AD is the role of the cerebral vascular endothelium, which is poorly understood.
The study of serum interleukins so far has not included the MCI stage of the disease [12] . In our study, we find increased levels of TNF-α and IL-1β in MCI patients. TNF-α, and IL-1β are pro-inflammatory cytokine [40] . The increase of pro-inflammatory cytokines is related to an increase of iNOS, the latter stimulates the endothelial cell synthesis and secretion of TNF-α and IL-1β [30] . This apparently enhanced selective secretion of only two of the many pro-inflammatory cytokines can be related to "low endothelial damage". This type of selective damage has been described in endothelium exposed to irradiation [41] and small amounts of ROS [42] . Nitric oxide is a reactive oxygen specie and our results show that in AD, the concentration is low. The serum inflammatory response is similar to reports of brain sections of AD [43] .
The syalilation pattern in total and albumin-free serum proteins was evaluated with the SNA lectin (α-2,6) [44] . Both patterns were increased in AD and MCI samples, but the differences between them was significantly higher in AD samples. It has been shown that amyloid alters the syalilation pattern in the CA1 and DG subfields of the hippocampus [45] therefore the increased serum Aβ levels in MCI and AD patients [21] could explain the modification of serum proteins sialylation. Our results also showed a serum Aβ band (4 kDa) in some AD serum samples (Figure 5(c) ). Glycosylation alterations have been widely reported in AD cerebral biopsies [13] [46] , especially in brain endothelial cells exposed to Aβ [16] . In our study, the changes in the sialylation pattern can be related to the increase of TNF-α, IL-1 [47] or NO [48] as well as to the exposition of endothelial cells to serum Aβ. It has been shown that serum Aβ concentrations are higher in MCI in comparison to AD serum samples [21] . Endothelial cells show Aβ deposits in the reticulum and mitochondria [32] although the entrance mechanism remains to be determined it is possible that Aβ maintained in the cell reticulum could be the origin of these alterations since reticulum is the major site in the process of glycosilation [5] .
ApoE allele ε4, not ε2 or ε3, is linked to late-onset Alzheimer's disease and atherosclerosis [49] . Our IL-1, IL-6 and TNF-α results are in complete concordance with the results of Graybeal J.J. [50] that showed that IL-1β activity is altered by human ApoE ε4 alleles and Gale SC [51] that showed that ApoE ε4 alleles enhances innate immune responses as a consequence of Toll-like receptor (TLR) activation and TNF-α and IL-6 secretion. ApoE 4/4 haplotype is strongly associated to AD and MCI [52] but the ApoE 3/4 haplotype has also been detected in 20% -30% of AD patients; similarly although the majority of elder people with no signs or symptoms of AD or MCI carry the 2/3 hapolotype there is a strong percentage of healthy individuals with the 3/3 hapolotype.
Although our study evaluated small patient groups to provide meaningful data, our results clearly demonstrate that the clinically considered mid-phase of Alzheimer's disease progression is related to early and not severe but continuous damage to the endothelium that is represented by the selective increase in certain pro-inflammatory cytokines, modification in the sialylation pattern of serum proteins and consequently the decrease in superior cerebral functions as determined by the MMSE test. The ApoE alleles results are consistent with those reported in the literature. We propose that a serum abnormal profile comprised by pro-inflammatory cytokines, iNOS and nitric oxide concentration, changes in Sambucus nigra serum proteins reactivit, and ApoE 3 or 4 haplotypes might be helpful in the early diagnosis of MCI, a stage in the natural history of AD that remains largely uncomprehended.
